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ELECTRIC ROTATING MACHINE AND 
MANUFACTURING METHOD THEREOF 

FIELD OF THE INVENTION 

The present invention relates to an electric rotating machine, such as a motor 
and generator, and in particular to an electric rotating machine wherein one stator 
and two rotors are arranged coaxialfy. 

BACKGROUND OF THE INVENTION 

A rotator core and stator core of an electric rotating machine are formed of 
layers of thin plates such as silicon-steel plate. Generally, thin plates are joined by 
welding. However, since a convex projection arises in the welding position, the gap 
between the cores cannot be made small. That is, if the gap is made small, the 
core facing the convex projection will interfere with the convex projection. 

Hence, the opposite side of a magnetic pole-face is welded so that there is no 
weld part with a surface (magnetic pole-face) facing another core. 

SUMMARY OF THE INVENTION 

However, in the electric rotating machine in which one stator and two rotors 
are arranged coaxially as disclosed by JP-A-H9-275673 published by the Japanese 
Patent Office in 1997, both the inner and external surfaces of a core in the middle 
are magnetic pole-faces, so the opposite side of the magnetic pole-face cannot be 
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welded as mentioned above. 

If one of the surfaces is welded, the gap with the core facing the welded surface 
cannot be made small. 

It is therefore an object of this invention to eliminate the above-mentioned 
convex projection, and make the gap between cores small. 

In order to achieve above object, this invention provides an electric rotating 
machine, comprising a middle core comprising plural plates (2A, 23A) stacked in an 
axial direction, an outer core disposed outside the middle core, and which rotates 
relative to the middle core, and an inner core disposed inside the middle core, and 
which rotates relative to the middle core. The plural plates are joined to a first 
fixing member by a connecting member. 

According to an aspect of the invention, this invention provides a method of 
manufacturing an electric rotating machine, the machine having a middle core 
comprising plural plates stacked in an axial direction, an outer core disposed 
outside the middle core which rotates relative to the middle core, and an inner core 
disposed inside the middle core which rotates relative to the middle core, the 
method comprising joining the plural plates to a fiirst fixing member by a 
connecting member, and finishing the inner and outer circumferential surfaces of 
the pluu-al plates in the state where the plural plates are joined only to the first 
fixing member. 

The details as well as other features and advantages of this invention are set 
forth in the remainder of the specification and are shown in the accompanying 
drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 



Fig. 1 shows a schematic cross-sectional view of an electric rotating machine 
according to this invention. 

Fig. 2 shows a thin plate forming an external rotor core of the electric rotating 
machine. 

Fig. 3 shows a schematic cross-sectional view of the electric rotating machine 
dxmng assembly. 

Fig. 4 shovirs the left flange of the electric rotating machine. 

Fig. 5 shows the detailed cross-sectional view of the electric rotating machine. 

Fig. 6 is similar to Fig. 1, but showing a second embodiment of this invention. 

Fig. 7 shows a thin plate forming the stator core of the electric rotating 
machine of the second embodiment. 

Fig. 8 shows the fixed plate of the electric rotating machine of the second 
embodiment. 

Fig. 9 shows a schematic cross-sectional view of the electric rotating machine 
of the second embodiment during assembly. 

Fig. 10 shows a detailed cross-sectional view of the electric rotating machine of 
the second embodiment. 

DESCRIPTION OF THE PREFERRED EMBODIMErfTS 

Referring to Fig. 1 of the dravrings, an electric rotating machine of this 
invention is equipped with an inner rotor core 1 (inner core), an outer rotor core 2 
(middle core), and a stator core 3 (outer core) in a housing 7. The outer rotor core 
2 is arranged outside the inner rotor core 1, and the stator core 3 is arranged 
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outside the outer rotor core 2. The iiiner rotor core 1 and the outer rotor core 2 
rotate relative to each other, and the outer rotor core 2 and stator core 3 also rotate 
relative to each other. 

The inner rotor core 1, outer rotor core 2 and stator core 3 are respectively 
formed in stacks of plural thin silicon steel plates in the axial direction. The inner 
rotor core 1 is supported by a shaft 4. The outer rotor core 2 is fixed to a right 
flange 5 and a left flange 6. The stator 3 is fixed to the housing 7. 

The electric rotating machine shown in Fig. 1 is manufactured as foUovi^s. 

In the inner rotor core 1 and stator core 3, only the surfaces facing the outer 
rotor core 2 are magnetic pole-faces, so the stacked thin plates can be joined by 
welding the opposite sides to the magnetic pole-faces. After welding, the parts 
corresponding to the magnetic pole-faces of the joined thin plates are 
surface-finished. 

However, both the inner circumferential surface and outer circumferential 
surface of the outer rotor core 2 are magnetic pole-faces, so the thin plates cannot 
be joined by welding. Therefore, holes 2B are provided in the thin plates 2A 
forming the outer rotor core 2, as shown in Fig. 2, and the plates are joined by 
passing bolts 9 through these holes 2B. 

Specifically, first, pliiral thin plates 2A are stacked, and fixed to the right flange 
5 by bolts 9 tc^ether with a plate 8. Next, as shown in Fig. 3, the right flange 5 to 
which the thin plates 2A and plate 8 are pre-attached is fitted on a chuck 100 of a 
grinding machine, and then the inner circxamferential surface and outer 
circumferential surface of the outer rotor core 2 are ground with a grindstone 101 
by rotating them. As the upper side of the figure is open, the inner circumferential 
surface of the outer rotor core 2 can easily be surface-finished. Here, grinding is 
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used as the surface-finishing metliod, but other surface-finishing method may be 
used if the inner circumferential surface and outer circumferential surface of the 
outer rotor core 2 can be surface-finished by it. 

After siarface-finishing is complete, the inner rotor which is pre-assembled 
beforehand is inserted, and attached via a bearing. 

Plural holes 1 1 through which the heads of the bolts 9 pass and plural holes 
12 which have a seat for a fixing bolt 10 are alternately formed on the same 
circumference in the left flange as shown in Fig. 4. The outer rotor core 2 is fixed 
to the left flange 6 by the bolts 10. 

Therefore, the outer core 2 is fixed to the right flange 5 by the bolts 9 (for 
example, three or more bolts on the same circumference) and is not fixed to the left 
flange 6 in the state shown in Fig. 3, but after the inner rotor core 1 is inserted in 
the outer rotor core 2, it is fixed to both the left flange 6 and right flange 5 by the 
bolts 10 (for example, three or more bolts on the same circumference). 

The outer rotor core 2, right flange 5, left flange 6, plate 8 and bolts 9 are 
formed in one piece to form the outer rotor. 

Holes, not shown, in which permanent magnets are disposed, are provided in 
the inner rotor core 1 and the outer rotor core 2. Parts, not shown, in which cofls 
are installed, are provided in the stator core 3. These permanent magnets and 
coils are pre-attached to the rotor cores 1 and 2 or the stator core 3 prior to 
assembly. 

Therefore, both the inner circumferential surface and outer circumferential 
surface are magnetic pole-faces, but according to this invention, the inner 
circumferential surface and outer circumferential surface can be finished in the 
state where only one side is attached to the right flange 5, so machining of the inner 
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circumferential surface is easy. Hence, the magnetic pole-faces can be finished 
precisely and the gap between cores can be made small. Moreover, since welding 
is not used, the magnetic pole-faces are protected. 

Fig. 5 shows a detailed cross section of the electric rotating machine shown in 
Fig. 1. In F^. 1, the construction is simplified so that it is easy to understand. 
The shape of structural components is different between Fig. 1 and Fig. 5, but 
components referred to by the same symbols are the same components. 

The thin plates forming the inner core 1 and stator 3 are joined by weldiag, 
but holes may be opened in the thin plates forming these components as in the 
case of the outer rotor core 2 and they may be joined by bolts. 

Fig. 6 shows a second embodiment of this invention. 

The electric rotating machine of the second embodiment, as in the case of the 
electric rotating machine shown in Fig. 1, is equipped with an inner rotor core 21 
(inner core), outer rotor core 22 (outer core) and stator core 23 (middle core) which 
rotate relative to each other in the housing. In this embodiment, the stator core 22 
is disposed outside the inner rotor core 21, and the outer rotor core 22 is disposed 
outside the stator core 23. 

The inner rotor core 21, outer rotor core 22 and stator core 23 are respectively 
formed in stacks of plural thin silicon steel plates. The inner rotor core 21 is 
supported by a shaft 24, and the outer rotor core 22 is supported by a shaft 25. 
The stator core 23 is fixed to a flange 26 by bolts 28 together with a plate 27. 

Fig. 7 shows a thin-plate 23A which forms the stator core 23. The thin-plate 
23A comprises plural I-shaped split cores 23B on the same circumference. A 
space 23C through which a bolt 28 passes is formed between adjacent split cores. 

Fig. 8 shows the plate 27. Holes 27A which have a seat for the bolt 28 are 
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provided in the plate 27 at positions corresponding to the spaces 23C of the stator 
core 23. 

The electric rotating machine shown in Fig. 6 is maniafactured as follows. 

In the inner rotor core 21 and outer rotor core 22, as only the siarfaces facing 
the stator core 23 are magnetic pole-faces, plural thin plates are joined by welding 
the opposite side of the magnetic pole-faces. After welding, the parts which are the 
magnetic pole-faces of the joined thin plates are surface-finished. 

In the stator core 23, both the inner circumferential surface and outer 
circumferential siMace are magnetic pole-faces, so the thin plates cannot be fixed 
by welding. The spaces 23C are thus provided in each thin plate 23A and the thin 
plates 23A are then fixed by passing the bolts 28 through the spaces 23C. 

First, as shown in Fig. 9, the thin-plates 23A which form the stator core 23 are 
stacked, and are fixed to the flange 26 by the bolts 28 together with the plate 27. 
Next, the flange 26 to which the plates 23A and plate 27 are pre-attached are fitted 
on the chuck 100 of the grinding machine, and then the inner circumferential 
surface and outer circumferential surface of the stator core 23 are groimd with the 
grindstone 101 by rotating them. 

After surface finishing, the inner rotor assembled beforehand is inserted, and 
attached via a bearing. Also, the outer rotor assembled beforehand is attached to 
the outside of the stator via a bearing. 

Holes, not shown, are provided for installing permanent magnets in the inner 
rotor core 21 and the outer rotor core 22, and parts, not shown, are provided for 
installing coils in the stator core 23. The permanent magnets and coUs are 
respectively pre-attached to the rotor cores 21 and 22 or the stator core 23 prior to 
assembly. 
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Therefore, both the inner and outer circumferential surfaces are magnetic 
pole-faces, but the inner and outer surfaces are surface-finished when the stator 
core 23 is fixed only to the flange 26, so machining of the inner siorface can be 
performed easily. The magnetic pole-faces can be finished precisely and the gap 
between cores can also be made small. Moreover, as welding is not used, the 
magnetic pole-faces are protected. 

Fig. 10 shows a detailed cross section of the electric rotating machine shown 
in Fig. 6. In the schematic view of Fig. 6, shapes are drawn simplified for ease of 
understanding. The shapes of structural components are different between Fig. 6 
and Fig. 10, but components referred to by the same number are identical 
components. 

Herein, the thin plates forming the inner rotor core 21 and outer rotor core 22 
are joined by welding, but holes may be opened in the thin plates forming them as 
in the case of the stator core 23, and they may then be joined by bolts. 

This invention may be applied also to constructions other than those shown in 
Fig. 1 and Fig. 6. For example, this invention may be applied in a similar way to 
the inner rotor core of an electnc rotating machine where the inner rotor core is 
disposed inside the outer rotor core and the stator core is disposed inside the inner 
rotor core by forming the inner rotor core in the same manner as shown in Fig. 1 or 
Fig 3. 

The entire contents of Japanese Patent Application Pll -282352 (filed October 
4, 1999) are incorporated herein by reference. 

Although the invention has been described above by reference to a certain 
embodiment of the invention, the invention is not limited to the embodiment 
described above. Modifications and variations of the embodiments described 
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above wfll occur to those skilled in the art, in light of the above teachings. The 
scope of the invention is deiined with reference to the foDowing claims. 



WHAT IS CLAIMED IS: 
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1 . An electric rotating machine, comprising: 

a middle core comprising plural plates (2A, 23A) stacked in an axial direction, 
an outer core disposed outside the middle core, and which rotates relative to 

the middle core, and 

an inner core disposed inside the middle core, and which rotates relative to the 

middle core, 

wherein the plural plates are joined to a first fixing member by a connecting 
member. 

2. An electric rotating machine as defined in Claim 1, wherein the connecting 
member is a bolt, and a hole through which the bolt passes is formed in the plural 
plates. 

3. An electric rotating machine as defined in Claim 1, wherein the plates are 
ring-shaped thin plates. 

4. An electric rotating machine as defined in Claim 1, wherein the middle core and 
inner core are rotor cores, and the outer core is a stator core. 

5. An electric rotating machine as defined in Claim 1, wherein the middle core is a 
stator core, and the outer core and inner core are rotor cores. 

6. An electric rotating machine as defined in Claim 5, wherein the stator core is 
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formed by a plural split core, the connecting member is a bolt, and a space through 
which the bolt passes is formed between adjacent split cores. 

7. A method of manufacturing an electric rotating machine, the machine having a 
middle core comprising plural plates stacked in an axial direction, an outer core 
disposed outside the middle core which rotates relative to the middle core, and an 
inner core disposed inside the middle core which rotates relative to the middle core, 
and the method comprising: 

joining the plural plates to a first fixing member by a connecting member, and 
finishing the inner and outer circumferential surfaces of the plural plates in 
the state \<diere the plural plates are joined only to the first fixing member. 

8. A method of manufacturing an electric rotating machine as defined in Claim 7, 
further comprising joining the opposite side of the plural plates to the first fixing 
member, to a second fixing member after finishing. 

9. A method of manufacturing an electric rotating machine as defined in Claim 7, 
wherein the connecting member is a bolt, a hole through which the bolt passes is 
formed in the plural plates, and the plural plates are joined to the first fixing 
member by passing the bolt through the hole. 
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ABSTRACT 



An electric rotating machine is equipped with a middle core, an outer core disposed 
outside the middle core which rotates relative to the middle core, and an inner core 
disposed inside the middle core which rotates relative to the middle core. The 
middle core comprises plural plates disposed in an axial direction. The plural 
plates are connected in the axial direction by a connecting member, and joined to a 
first fixing member. The inner and outer circumferential surfaces are finished in 
the state where the plates are joined only to the first fixing member, and the 
opposite side to the first fixing member is joined to a second fixing member after 
finishing. 
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DECLARATION AND POWER OF ATTORNEY 

As a below named inventor, 1 HEREBY DECLARE: 

THAT my residence, post office address, and citizenship are as stated below next to my 

name; 

THAT I believe I am the original, first, and sole inventor (if only one inventor is named 
below) or an original, first, and joint inventor (if plural inventors are named below or in an 
attached Declaration) of the subject matter which is claimed and for which a patent is sought 
on the invention entitled 

ELECTRIC ROTATING MACHINE AND MANUFACTURING METHOD THEREOF 



(Attorney Docket No. 040356/0332) 

the specification of which (check one) 

Is attached hereto. 

X was filed on October 3, 2000 as United States Application Number 

or PCT International Application Number 

and was amended on (if applicable). 

THAT I do not know and do not believe that the same invention was ever known or 
used by others in the United States of America, or was patented or described in any printed 
publication in any country, before I (we) invented it; 

THAT 1 do not know and do not believe that the same invention was patented or 
described in any printed publication in any country, or in public use or on sale in the United 
States of America, for more than one year prior to the filing date of this United States 
application; 

THAT I do not know and do not believe that the same invention was first patented or 
made the subject of an inventor's certificate that issued in any country foreign to the United 
States of America before the filing date of this United States application if the foreign 
application was filed by me (us), or by my (our) legal representatives or assigns, more than 
twelve months (six months for design patents) prior to the filing date of this United States 
application; 

THAT I have reviewed and understand the contents of the above-identified specification, 
including the claim(s), as amended by any amendment specifically referred to above; 

THAT I believe that the above-identified specification contains a written description of 
the invention, and of the manner and process of making and using it, in such full, clear, concise, 
and exact terms as to enable any person skilled in the art to which it pertains, or with which it 
is most needy connected, to make and use the invention, and sets forth the best mode 
contemplated by me of carrying out the invention; and 

THAT I acknowledge the duty to disclose to the U.S. Patent and Trademark Office all 
information known to me to be material to patentability as defined in Title 37, Code of Federal 
Regulations, §1 .56. 
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I HEREBY CLAIM foreign priority benefits under Title 35, United States Code §1 19(a)-{d) 
or § 365(b) of any foreign application{s) for patent or inventor's certificate, or §365(a) of any 
PCT international application which designated at least one country other than the United States 
of America, listed below and have also identified below any foreign application for patent or 
inventor's certificate or of any PCT international application having a filing date before that of 
the application on which priority is claimed. 



Prior Foreign 
Application Number 


Country 


Foreign Filing Date 


Priority 
Claimed? 


Certified 

Copy 
Attached? 


11-282352 


Japan 


October 4, 1999 


Yes 

























I HEREBY CLAIM the benefit under Title 35, United States Code § 1 19(e) of any United 
States provisional application(s) listed below. 



U.S. Provisional Application Number 


Filing Date 















I HEREBY CLAIM the benefit under Title 35, United States Code, §120 of any United 
States application(s), or § 365(c) of any PCT international application designating the United 
States of America, listed below and, insofar as the subject matter of each of the claims of this 
application is not disclosed in the prior United States or PCT International application in the 
manner provided by the first paragraph of Title 35, United States Code, § 11 2, 1 acknowledge 
the duty to disclose information which is material to patentability as defined in Title 37, Code of 
Federal Regulations, § 1 .56 which became available between the filing date of the prior 
application and the national or PCT international filing date of this application. 



U.S. Parent 
Application Number 


PCT Parent 
Application Number 


Parent 
Filing Date 


Patent Number 



























I HEREBY APPOINT the following registered attorneys and agents of the law firm of 
FOLEY & LARDNER to have full power to prosecute this application and any continuations, 
divisions, reissues, and reexaminations thereof, to receive the patent, and to transact all 
business in the United States Patent and Trademark Office connected therewith: 



STEPHEN A. BENT 


Reg. 


No. 


29,768 


DAVID A. BLUMENTHAL 


Reg. 


No. 


26,257 


BETH A. BURROUS 


Reg. 


No. 


35,087 


ALAN 1. CANTOR 


Reg. 


No. 


28,163 


WILLIAM T. ELLIS 


Reg. 


No. 


26,874 


JOHN J. FELDHAUS 


Reg. 


No. 


28,822 


PATRICIA D. GRANADOS 


Reg. 


No. 


33,683 
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JOHN P. ISACSON 


Reg. 


No. 


33,715 


MICHAEL D. KAMINSKI 


Reg. 


No. 


32,904 


LYLE K. KIMMS 


Reg. 


No. 


34,079 


KENNETH E. KROSIN 


Reg. 


No. 


25,735 


JOHNNY A. KUMAR 


Reg. 


No. 


34,649 


GLENN LAW 


Reg. 


No. 


34,371 


PETER G. MACK 


Reg. 


No. 


26,001 


BRIAN J. MC NAMARA 


Reg. 


No. 


32,789 


SYBIL MELOY 


Reg. 


No. 


22,749 


RICHARD C, PEET 


Reg. 


No. 


35,792 


GEORGE E. QUILLIN 


Reg. 


No. 


32,792 


COLIN G. SANDERCOCK 


Reg. 


No. 


31,298 


BERNHARD D. SAXE 


Reg. 


No. 


28,665 


CHARLES F. SCHILL 


Reg. 


No. 


27,590 


RICHARD L. SCHWAAB 


Reg. 


No. 


25,479 


ARTHUR SCHWARTZ 


Reg. 


No. 


22,115 


HAROLD C. WEGNER 


Reg. 


No. 


25,258 



and I request that all correspondence be directed to: 



Richard L. Schwaab 

FOLEY & LARDNER 

Washington Harbour 

3000 K Street, N.W., Suite 500 

Washington, D.C. 20007-5109 

Telephone: (202) 672-5414 
Facsimile: (202) 672-5399 



I UNDERSTAND AND AGREE THAT the foregoing attorneys and agents appointed by me 
to prosecute this application do not personally represent me or my legal interests, but instead 
represent the interests of the legal owner(s) of the invention described in this application. 

I FURTHER DECLARE THAT all statements made herein of my own knowledge are true, 
and that all statements made on information and belief are believed to be true; and further that 
these statements were made with the knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code, and that such willful false statements may jeopardize the validity of the 
application or any patent issuing thereon. 



Name of first inventor Hisayuki FURUSE 



Residence Yokosuka city, JAPAN 

Citizenship JAPAN 

„ , , 25-13, Hirasaku 1-chome, Yokosuka city, Kanagawa, 

Post Office Address JAPAN Y' « ' 

Inventor's signature 

Date 
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